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Abstract 
THE AUDIOMETRIC PROFILE OF YOUNG ADULTS WHO REPORT DIFFICULTY  
WITH SPEECH PERCEPTION IN NOISE 	  	  
by  
  
MICHAEL R. HIGGINS 
 
Advisor:  Brett A. Martin, Ph.D. 
This study examined speech perception abilities in young adults (18-24 years) who 
reported having difficulty perceiving speech in the presence of background noise despite 
clinically-normal hearing.  The purpose of this study was to compare the audiometric profile of 
young adults with and without perceived difficulty with speech perception in noise.  The Speech, 
Spatial and Qualities of Hearing Scale (SSQ) was administered to obtain a measure of how 
participants rate their speech perception in noise under different listening conditions.  
Audiometric tests included standard audiometric thresholds (250-8000 Hz), high frequency pure 
tone thresholds (9000-12,500 Hz), QuickSIN, distortion product otoacoustic emissions 
(DPOAEs), and auditory brainstem responses (ABR) in 13 participants (5 with reported 
difficulty in noise & 8 controls).  Participants who reported difficulty in noise rated their speech 
perception in noise performance as poorer on the SSQ, performed within normal limits but 
poorer on the QuickSIN, and DPOAE amplitudes were significantly lower at 1001 Hz and 1501 
Hz compared to those not reporting difficulty in noise.  Participants who reported no difficulty in 
noise had poorer high frequency thresholds and lower wave V amplitude in the right ear 
compared to the left ear, but those reporting difficulty in noise did not show these right-left 
asymmetries.  There were no significant differences between groups for pure tone thresholds 
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(standard and high frequency), speech recognition testing, immittance, DPOAE signal-to-noise 
ratios (S/Ns) or ABR absolute latencies and interpeak latencies.  These results may suggest the 
presence of a sub-clinical cochlear deficit in listeners who report difficulty in noise.  These 
listeners show poorer performance in noise, lower DPOAE amplitudes and less right-left 
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Introduction 
 Understanding speech in background noise is more challenging for all individuals than 
understanding speech in quiet.  A number of typical and atypical groups show even greater 
difficulty with speech perception in noise, including listeners with sensorineural hearing loss 
(Aniansson, 1979), the aging (Hinchcliffe, 1959), second language learners (Mayo, Florentine & 
Buus, 1997), children with specific language impairment (Stollman, van Velzen, Simkens, Snik 
& van den Broek, 2003), children with dyslexia (Ziegler, Pech-Georgel, George & Lorenzi, 
2009), and those with auditory processing disorder (Chermak & Musiek, 1997).  There is another 
group of listeners who report difficulty understanding speech in noise despite the absence of 
these issues and despite having clinically normal hearing.  It is estimated that these individuals 
represent 5-10% of cases observed in the clinic (Stephens, Zhao & Kennedy, 2003).  They have 
been given several different labels: King-Kopetzky syndrome (Hinchcliffe, 1992), auditory 
disability with normal hearing (Stephens & Rendell, 1988), obscure auditory dysfunction 
(Saunders & Haggard, 1989), and hidden hearing deficits (Bharadwaj, Masud, Mehraei, Verhulst 
& Shinn-Cunningham, 2015).  Regardless of the label, these individuals are described as 
presenting with normal pure tone thresholds across standard clinical audiometric test frequencies 
(250-8,000 Hz) but difficulty understanding speech in noise (Hinchcliffe, 1992). 
Few studies have examined this population and currently the cause is unknown.  There is 
some evidence to suggest underlying cochlear dysfunction.  These findings are summarized 
below in Table 1.  It is important to examine the auditory system of individuals with difficulty 
perceiving speech in noise using standard clinical procedures so these listeners can be easily and 
accurately identified and appropriate treatment can be recommended. 
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Table 1.  Summary of findings in listeners who report difficulty in noise compared to a control 
group. 
Authors Significant findings 
Badri, Siegel & Wright (2011) Poorer audiometric thresholds at 12,500 Hz and 
14,000 Hz 
Bharadwaj, Masud, Mehraei, Verhulst       
& Shinn-Cunningham (2015) 
Cochlear neuropathy (loss of synapses and 
cochlear-nerve terminals innervating the inner hair 
cells) 
King & Stephens (1992) Poorer audiometric thresholds averaged over 250-
8000 Hz in the right ear.  Also a poorer 
audiometric threshold at 16,000 Hz in the right ear 
Saunders & Haggard (1989) Poorer audiometric thresholds at 250 Hz and 3000 
Hz 
Shaw, Jardine & Fridjhon (1996) Poorer audiometric thresholds at 10,000 Hz, 
12,000 Hz, 14,000 Hz, 16,000 Hz and 20,000 Hz 
Stephens, Zhao & Kennedy (2003) Notches (> 15 dBHL compared to surrounding 
frequencies) in the 500-3000 Hz threshold range 
Zhao & Stephens (2006) Reduced DPOAE amplitudes from 833-5582 Hz 
 
Standard Clinical Audiometric Pure Tone Thresholds (250-8000 Hz) 
A number of studies have shown that those who report difficulty perceiving speech in 
noise have clinically-normal hearing sensitivity at standard octave audiometric frequencies from 
250-8000 Hz, but show subtle differences from a control group.  Saunders & Haggard (1989) 
found that individuals who reported difficulty in noise displayed normal, but slightly poorer 
audiometric thresholds at all audiometric frequencies with significantly poorer audiometric 
thresholds than a control group not reporting difficulty in noise at 250 Hz and 3000 Hz.  King 
and Stephens (1992) also found these listeners to have normal audiometric thresholds, but the 
thresholds were poorer than a control group when averaged over 250-8000 Hz.  Notches (> 15 
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dBHL compared to surrounding frequencies) in the 500-3000 Hz threshold range despite 
clinically normal hearing were also observed in this population (Stephens, Zhao & Kennedy, 
2003).  Abel, Krever and Alberti (1990) suggest that a pattern of clinically-normal thresholds 
that are elevated relative to a control group may indicate early cochlear damage/breakdown.  
Several of the studies described above included participants up to 55 years of age and some 
included participants with abnormal (= 30dBHL) pure tone thresholds above 4000 Hz.  The 
present study will include adults 18-24 with normal thresholds (<20 dBHL) for all octave and 
inter-octave frequencies between 250-8000 Hz.  This is intended to reduce the effects of aging 
and mild hearing loss on speech perception in noise performance and ensure that participants 
have clinically normal audiometric thresholds. 
 
High Frequency Pure Tone Thresholds 
Thresholds for supra-clinical audiometric frequencies (> 8000 Hz) have also been 
investigated in this population.  It is possible that individuals who report difficulty perceiving 
speech in noise, despite clinically-normal hearing, have poorer hearing above 8000 Hz compared 
to normal hearing listeners who perceive speech well in noise and this has been found in several 
studies.  King and Stephens (1992) reported poorer hearing sensitivity at 16,000 Hz in the 
difficulty in noise population compared to a control group.  A pilot study by Shaw, Jardine, and 
Fridjhon (1996) found significantly poorer pure tone thresholds for frequencies between 10,000-
20,000 Hz in those reporting difficulty in noise.  Badri, Siegel and Wright (2011) also examined 
the correlation between high frequency hearing and speech perception in noise.  They found that 
those who reported difficulty in noise and performed poorly on a speech in noise task had poorer 
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pure tone thresholds at 12,500 and 14,000 Hz compared to the control group.  The current study 
will examine all octave and inter-octave frequencies up to 12,500 Hz because some standard 
audiometers include 12,000 Hz pure tones without requiring the purchase of the extended high 
frequency capability. 
 
Otoacoustic Emissions and Auditory Brainstem Responses 
Pure tone audiometric testing evaluates hearing status at discrete octave based 
frequencies.  A clinically-normal audiogram does not completely eliminate the possibility of 
cochlear damage.  Therefore, it is important to examine cochlear function using more sensitive 
tools.  One way to do this is by measuring otoacoustic emissions (OAEs).  To measure distortion 
product otoacoustic emissions (DPOAEs) two tones (f1 and f2) are presented to an ear and the 
distortion product generated in the cochlea (typically measured at 2f1-f2) is measured.  DPOAEs 
yield frequency specific information regarding cochlear function.  Reductions in DPOAEs (as 
well as transient evoked otoacoustic emissions) prior to changes in a patient’s pure tone 
thresholds have been observed after exposure to ototoxic drugs (Stavroulaki, Apostolopoulus, 
Segas, Tsakanikos & Adamapoulos, 2001) and after noise trauma (Lucertini, Moleti, & Sisto, 
2002), meaning that OAEs can be a more sensitive to cochlear damage than the standard 
audiogram.  DPOAEs have been used to examine listeners who report difficulty in noise.  Zhao 
and Stephens (2006) found reduced DPOAE amplitudes in these individuals compared to a 
control group.  Inclusion of DPOAEs in the current study may help to identify a peripheral 
contribution to the breakdown in speech perception in noise. 
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The auditory brainstem response (ABR) can provide information about processing of 
sound beyond the outer hair cells/cochlea.  A number of studies have reported a reduction in 
wave I amplitude in listeners with difficulty perceiving speech in noise.  Wave I of the ABR 
reflects processing of sound up to the 8thcranial nerve (Legatt, Arezzo & Vaughn, 1988).  Wave I 
decreases with hearing loss.  In addition, spiral ganglion neuron loss can result in lower wave I 
amplitudes and this has been observed in animals with poor perception in noise despite no 
changes in their DPOAEs or ABR thresholds (Kujawa & Liberman, 2009; Lin, Furman, Kujawa, 
& Liberman, 2011).  Bramhall, Ong, Ko and Parker (2015) also reported a correlation between 
wave I amplitudes and poor speech perception in noise performance in humans.  The reduction in 
wave I amplitude was related to poor speech in noise perception, and poorer pure tone thresholds 
also reduced the amplitudes in a synergistic manner.  The authors suggest that degeneration in 
spiral ganglion cells leads to reduced wave I amplitude and poor speech perception in noise 
ability. Therefore, the current study will examine the ABR response in participants who report 
difficulty perceiving speech in noise compared to those who do not.  
It is possible that difficulty perceiving speech in noise may be a result of a problem with 
sub-cortical encoding.  Bharadwaj, Masud, Mehraei, Verhulst & Shinn-Cunningham (2015) used 
envelope-following responses (EFRs), in response to tone bursts, to examine neural coding of 
temporal information in a group of young adults with clinically-normal audiometric thresholds.  
The EFRs were compared with performance on a selective attention task (complex speech-on-
speech masking paradigm), temporal sensitivity (using perceptual estimates) and cortical 
representation of acoustic spatial features [using electroencephalograpgy (EEG)].   They found 
poor performance on a selective attention task and poor subcortical encoding.  Poor subcortical 
encoding, would affect the processing of interaural time differences, which could lead to 
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difficulty with perceiving speech in noise environments.  The authors suggest that poor interaural 
time difference sensitivity and poor selective attention, was a result of noise induced “cochlear 
neuropathy” (loss of synapses and cochlear-nerve terminals innervating the inner hair cells).  
Measuring the ABR in the current study may help to identify any retrocochlear deficits, such as 
reduced amplitudes or auditory neuropathy, in listeners who report difficulty in noise.   
To summarize, listeners who report difficulty in noise have been shown to have elevated 
high frequency hearing thresholds, reduced DPOAE amplitude, and reduced wave I amplitudes 
compared to controls who do not report difficulty perceiving speech in noise.  Therefore, a 
complete audiological profile of these individuals may shed more light onto the nature of the  
deficit in those reporting difficulty perceiving speech in noise.  
 
Purpose 
The purpose of this study was to compare the audiological performance of individuals 
who report difficulty hearing in noise to those who do not using tests readily available to most 
audiologists.  This study is unique because it used audiological measures (inter-octave 
audiometric frequencies, supra-clinical frequencies, DPOAE and ABR) that are not typically 
used when assessing individuals who have normal pure tone thresholds across all standard 
clinical audiometric frequencies.  Several research questions were examined.  First, do listeners 
who report a general difficulty in noise rate themselves significantly poorer than listeners who 
report no difficulty using a detailed listening in noise questionnaire?  Second, do listeners who 
report difficulty in noise actually perform significantly poorer than listeners who report no 
difficulty using a common clinical speech in noise test?  Third, do listeners who report difficulty 
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in noise exhibit different results, compared to those who do not, on a battery of audiological 
measures including supra-clinical high frequency thresholds, DPOAE amplitudes and signal to 
noise ratios (S/Ns) and ABR amplitudes or latencies?  It was expected that listeners who report 
difficulty in noise would rate themselves poorer on a listening in noise questionnaire and perform 
poorer on a speech in noise test.  Based on the results of previous studies, it was also expected 
that these listeners would have poorer supra-clinical high frequency thresholds, reduced DPOAE 
and ABR amplitudes compared to controls.   
The current study will facilitate our understanding of the audiological profile of young 
adults who report difficulty perceiving speech in noise. This study is significant because these 
young adults may struggle in college, social situations, and in the workplace.  Knowing this 
information may help them manage their listening situation (e.g., preferential seating or utilizing 
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Method 
Participants 
Participants included 13 young adults between the ages of 18-24 years (see Appendix A).  
Each participant was asked if they generally have difficulty understanding speech in background 
noise.  Of the 13 participants, eight reported no difficulty and five reported.  Young adults were 
recruited for this study in order to reduce the presence of presbycusis and noise trauma.  All 
participants had normal thresholds (<20 dBHL) for all octave and inter-octave frequencies 
between 250-8000 Hz (see Appendix B) and reported no history of a hearing disorder.  
Participants were recruited from college campuses in the New York City metropolitan area via 
flyer postings. Each participant gave informed consent to participate in this study and they were 
reimbursed $40 for their time.  
 
Procedures and Tests 
The study involved one session lasting approximately 120 minutes. A case history form 
was completed, which contained questions about known audiological history, medications and 
noise exposure (see Appendix C).  
Participants completed part 1 (Speech hearing) of the Speech, Spatial and Qualities of 
Hearing Scale (SSQ) 5.6 (Gatehouse & Noble, 2004) to obtain a measure of how participants’ 
rate their speech perception in noise under different listening conditions (see Appendix D).  Part 
1 of the SSQ contains 14 speech listening situations and the participant has to rate how well they 
have or would perform under those listening conditions.  The rating scale is 0-10 with 0 
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representing no understanding of speech in that situation, 5 represents understanding half the 
conversation in that situation and 10 represents perfect understanding of speech in the given 
listening situation.  For each of the 14 questions, the participant placed a mark on the 0-10 scale 
that best represented her/his listening ability for the described listening situation.  Appendix A 
shows the average SSQ rating for each participant, group means and standard deviations. The 
results from the questionnaire were then used to determine if the SSQ ratings were significantly 
higher for those that report no difficulty in noise as compared to those who report difficulty 
listening in background noise.  
Otoscopy was performed bilaterally prior to audiological testing to ensure no 
abnormalities were observed.  Then an immittance screening, using the GSI TympStar Middle 
Ear Analyzer, was performed bilaterally to obtain a tympanogram and screen ipsilateral acoustic 
reflexes at 1000 Hz and 2000 Hz at an intensity level of 85, 95 or 105 dBHL.  See Table 2 for 
normal immittance criteria.   
Table 2.  Normal audiological criteria for inclusion in the study 
Audiological Measurement Normal Criteria 
Pure Tone Threshold <25 dBHL 
Speech Reception Threshold <25 dBHL 
Peak Static Acoustic Admittance 0.3-1.7 mmho 
Peak Pressure Range -100-+50  daPa 
Ear Canal Volume 0.6-2.0 cm3 
Ipsilateral Acoustic Reflex Screening                           
(1000 Hz & 2000 Hz) 
Present at 85, 95 or 105 dBHL 
 
	   10	  
Using a GSI Audiostar Pro Clinical Audiometer, air conduction thresholds (and bone 
conduction where possible) were obtained bilaterally for all octave and inter-octave frequencies 
between 250-8000 Hz using insert earphones.  See Table 2 for normal pure tone threshold 
criteria. Supra-clinical high frequency thresholds were also obtained to examine if poorer 
thresholds are observed in listeners who report difficulty in perceiving speech in background 
noise compared to those who do not.  High frequency air conduction thresholds were obtained 
bilaterally, using Sennheiser HDA 200 circumaural headphones, for all octave and inter-octave 
frequencies between 8000-12,500 Hz.  A Modified Hughson-Westlake (ANSI S3.21-2004 (R 
2009)) procedure was used to obtain threshold at each frequency tested.   
Speech Reception Thresholds were obtained bilaterally using recorded spondees from the 
Auditec of St. Louis Spondee Word list using a modified spondee threshold procedure (Martin & 
Dowdy, 1986).  See Table 2 for normal speech recognition threshold criteria.  Suprathreshold 
Speech Recognition Score were obtained bilaterally using recorded monosyllabic words (NU-6) 
with a carrier phrase presented at 35dBSL.   
DPOAEs were measured using Otodynamics ILO v6, bilaterally at 1001, 1501, 2002, 
3003, 4004, 6006 and 7996 Hz. F1 = 65 dB SPL, F2 = 55 dB SPL, F2:F1 ratio=1.22.  DPOAE 
amplitude and S/N were recorded for each frequency bilaterally.   Clinically, a DPOAE response 
is considered present at a S/N > 6 dBSPL.  Three participants (2 difficulty in noise and 1 control) 
did not have a clinically present DPOAE response at one or two frequencies in one ear (see 
Appendix I).  For the purpose of this study, a clinically absent DPOAE at one or two frequencies 
did not exclude the participant from the study.  
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ABR amplitudes and latencies were obtained bilaterally, using an Interacoustics 
OtoAccess v. 1.2.1, by presenting 4000 alternating (rarefaction and condensation) broadband 
(200-11,000 Hz) clicks (100 µs duration) presented at 85dBnHL at a rate of 11.1 clicks per 
second through insert earphones.   
The QuickSIN (Killion, Niquette, Gudmundsen, Revit, & Banerjee, 2004) was 
administered to determine whether those who report difficulty listening in noise actually show 
difficulty and whether they have more difficulty than those who do not report difficulty listening 
in noise.  Four lists (total of 24 sentences) of the QuickSIN 5.6 (Etymotic Research Inc., 2006) 
were presented under insert earphones at 70dBHL at six signal to noise ratios (+25dB, +20dB, 
+15dB, +10dB, +5dB and 0dB).  The noise used was a 4-talker babble (3 female and 1 male).  
For each list, the number of key words correctly repeated was obtained. Patient performance on 
the QuickSIN is classified by obtaining a SNR Loss.  SNR Loss is obtained by taking the total 
number of correct responses for each list and subtracting it from a standard number (25.5).  The 
SNR Loss was classified using the criteria described in Table 3 below.  On average, all 
participants scored in the normal/near normal range (SNR Loss 0-3) therefore the number of key 
words correct was used for comparing group performance. 
Table 3.  QuickSIN degree of SNR Loss criteria 
Key Words Correct SNR Loss Degree of SNR Loss 
25.5-22.5 0-3 dB Normal/near normal 
22.5-18.5 3-7 dB Mild SNR Loss 
18.5-10.5 7-15 dB Moderate SNR Loss 
<10.5 >15 dB Severe SNR Loss 
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Data Analysis  
Dependent variables that were analyzed included SSQ, QuickSIN, high frequency 
thresholds between 8000-12,500 Hz, DPOAE level at each frequency and ABR amplitudes and 
latencies for each ear. The independent variable was group (those who reported difficulty 
listening in noise vs. those who did not).  A mixed model Analyses of Variance (ANOVA) 
compared group performance on all measures. Significant results (p < 0.05) were followed up 
with post-hoc Fisher least significant difference (LSD) testing.  The correlation between the SSQ 
ratings and QuickSIN was examined.  Multiple regression analyses were used to determine 
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Results 
SSQ 
An independent samples t-test comparing the average SSQ score for those who reported 
difficulty in noise (M = 6.69, SD = 1.62) and those who reported no difficulty (M = 8.22, SD = 
0.92) was found to be significant [t (11) = -2.19, p = 0.05].  The SSQ results indicate participants 
who reported difficulty in noise, perceive their speech in noise perception to be poorer than 
participants who reported no difficulty in noise.  See Appendix A for each participant’s SSQ 
average.   
 
Figure 1.  Average SSQ rating by group.  Vertical bars indicate +/- 1 standard error.  
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QuickSIN 
See Appendix E for the participants’ QuickSIN score for each of the four lists, mean 
scores across lists with standard deviations along with Group mean values.  A mixed model 
ANOVA examined whether there were significant effects of groups or list. A main effect of 
group was observed [F (1, 11) = 5.39, p = 0.04, partial eta squared = 0.329].  The QuickSIN 
average score for participants who reported difficulty in noise (M = 23.90, SD = 1.22) was 
significantly poorer than those who reported no difficulty (M = 25.09, SD = 0.65).  There was no 
main effect of word list indicating participants performed similarly on each of the four lists.  No 
interaction between group and word list was obtained. 
 
Figure 2.  Average QuickSIN score by group.  Vertical bars indicate +/- 1 standard error. 
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Performance between the two groups on the six different QuickSIN S/N (see Appendix 
F) was examined using a mixed model ANOVA.  A main effect of group [F (1, 11) = 4.79, p = 
0.05, partial eta squared = 0.303] and signal to noise ratio [F (5, 55) = 321.35, p < 0.001, partial 
eta squared = 0.967] were obtained. More importantly, there was a significant group by S/N 
interaction [F (5, 55) = 3.02, p = 0.02, partial eta squared = 0.216].  Post-hoc analysis revealed 
that those who reported difficulty in noise performed significantly poorer at the two lowest S/N 
(S/N 5: p = 0.0005 and S/N 0: p = 0.02) as compared to those who reported no difficulty (see 
Figure 3). 
 
Figure 3.  QuickSIN: Key Words Correct at different Signal to Noise Ratios.  Vertical bars 
indicate +/- 1 standard error. 
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Relationship between the QuickSIN and SSQ 
 A Pearson r correlation was used to examine the relationship between the QuickSIN and 
SSQ to more closely examine the relationship between perceived difficulty in noise and 
measured difficulty in noise.  The correlation statistic (0.405) was not statistically significant 
indicating that perceived difficulty hearing speech in noise did not always translate to measured 
difficulty.   
 
Thresholds 
Clinical frequencies – All participants had normal audiometric thresholds (< 25 dBHL) 
for all standard clinical test frequencies in both the left and right ears, respectively (see Appendix 
B).  A mixed model ANOVA compared thresholds for those who reported difficulty in noise 
with those who reported no difficulty in noise.  Ear (left vs. right) and frequency (250, 500, 750, 
1000, 1500, 2000, 3000, 4000, 6000 & 8000Hz) were the within subjects variables.  A main 
effect of ear was found [F (1, 11) = 7.95, p = 0.02, partial eta squared = 0.420].  For both groups, 
thresholds were significantly better in the left ear than in the right ear (p = 0.01).  A main effect 
of frequency was also found [F (9, 99) = 8.99, p = 0.00, partial eta squared = .450].  For both 
groups, thresholds at 250 Hz and 500 Hz were significantly poorer (p < 0.02) than thresholds at 
750-8000Hz.  Thresholds at 750Hz were significantly poorer (p < 0.04) than thresholds at 1500, 
3000, 4000 and 6000 Hz.  Thresholds at 1000, 2000 and 8000 Hz were significantly poorer (p < 
0.02) than at 4000 Hz.  No significant main effect of group and no significant interactions 
between group and ear or group and frequency were observed for standard clinical frequencies.  
Although not statistically significant, Figures 4 and 5 below show that, on average, the reported 
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difficulty in noise group had poorer standard audiometric thresholds compared to the no reported 
difficulty in noise group. 
 
Figure 4.  Left ear standard audiometric thresholds.  Vertical bars indicate +/- 1 standard error. 
 
Figure 5.  Right ear standard audiometric thresholds.  Vertical bars indicate +/- 1 standard error. 
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High frequencies – See Appendix G for participants’ high frequency threshold values.  A 
mixed model ANOVA compared the two groups’ thresholds with ear (left vs. right) and 
frequency (8000, 9000, 10,000, 11,200, 12,500 Hz) as the within subjects variables.  A main 
effect of ear was found [F (1, 11) = 5.52, p = 0.04, partial eta squared = 0.334].  For both groups, 
high frequency thresholds were significantly better in the left ear than the right ear (p = 0.01).  A 
main effect of frequency was found [F (4, 44) = 3.54, p = 0.01, partial eta squared = 0.243].  A 
post-hoc test examined this main effect and found thresholds at 9000 Hz (p < 0.02) and 10,000 
Hz (p < 0.02) were significantly poorer than thresholds at 11,200 Hz and 12,500Hz, for both 
groups.  More importantly, a group by ear interaction was observed [F (1, 11) = 8.35, p = 0.01, 
partial eta squared = 0.432].  Post-hoc testing examined the nature of this interaction and no 
significant difference in thresholds between ears was found in the difficulty in noise group.  In 
the no difficulty in noise group, the right ears had poorer thresholds compared to the left ears (p 
= 0.001) (see Figure 6).  Thus, the group with difficulty had more symmetrical hearing.  No 
significant main effect of group and no significant interaction between group and frequency were 
observed for the high frequencies.  Figures 7 and 8 show average high frequency thresholds in 
the left and right ear respectively.  Although not statistically significant, the left ear thresholds at 
8000 Hz and 9000 Hz are poorer for the difficulty in noise group as compared to the no difficulty 
in noise group. 
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Figure 7.  Left ear high frequency thresholds.  Vertical bars indicate +/- 1 standard error. 
 
 
Figure 8.  Right ear high frequency thresholds.  Vertical bars indicate +/- 1 standard error. 
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DPOAEs 
Amplitude –See Appendix H for participants’ DPOAE amplitude values.  A mixed model 
ANOVA examined whether there were significant effects of group, ear (left vs. right), and 
frequency (1001, 1501, 2002, 3003, 4004, 6006, 7996 Hz) on DPOAE amplitudes.  A main 
effect of frequency was observed [F (6, 66) = 4.79, p = 0.0004, partial eta squared = 0.304].  
Post-hoc testing revealed the DPOAE at 1001 Hz was significantly lower than 4004 Hz (p = 
0.03) and 6006 Hz (p = 0.002).  2002 Hz was significantly lower than 6006 Hz (p = 0.01).  
3003Hz was significantly lower than the DPOAE at 1501 Hz (p = 0.01), 4004Hz (p = 0.001) and 
6006Hz (p < 0.001). 7996 Hz was significantly lower than 4004 Hz (p = 0.01) and 6006 Hz (p < 
0.001).  More importantly, a group by frequency interaction was observed [F (6, 66) = 3.06, p = 
0.01, partial eta squared = 0.218].  Post-hoc testing examined the nature of this interaction and 
found DPOAE amplitudes were significantly lower at 1001 Hz (p = 0.05) and 1501 Hz (p = 0.05) 
for the difficulty in noise group as compared to the no difficulty in noise group (see Figure 9).  
No main effects of group or ear were obtained and no significant interaction between group and 
ear was obtained.  
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Figure 9.  DPOAE amplitude group by frequency interaction.  Vertical bars indicate +/- 1 
standard error. 
 
Signal to noise ratio–See Appendix H for participants’ DPOAE S/N values.  A mixed 
model ANOVA compared DPOAE S/N responses as a function of group, ear (left vs. right), and 
frequency (1001, 1501, 2002, 3003, 4004, 6006, 7996 Hz).  A main effect of frequency was 
observed [F (6, 66) = 10.07, p < 0.001, partial eta squared = 0.478].  Post-hoc testing revealed 
the DPOAE S/N was significantly lower at 1001 Hz (p< 0.01) as compared to all other 
frequencies.  4004 Hz (p < 0.04) and 6006 Hz (p < 0.008) were significantly higher than 1500 
Hz, 2002 Hz and 3003 Hz.  No main effects of group and ear were observed and no significant 
interactions between group and ear or group and frequency were observed. 
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ABR 
Amplitude – See Appendix J for values. To examine whether there were significant 
amplitude differences across groups for Waves I, III and V, separate mixed models ANOVAs 
were performed for each wave.  A group by ear interaction was observed for Wave V [F (1, 11) 
= 10.03, p = 0.009, partial eta squared = 0.477].  Post-hoc testing examined the nature of this 
interaction and the difficulty in noise group had no significant difference in wave V amplitude 
across ears, but the no difficulty in noise group did.  In the no difficulty group, wave V 
amplitude was higher for the left ear compared to the right ear (p = 0.009) (see Figure 10).  There 
were no significant differences in Wave I and III amplitudes between the two groups.  There was 
no main effect of ear and no interactions between group and ear for the amplitude of Wave I, and 
III. 
 
Figure 10.  Wave V amplitude group by ear interaction.  Vertical bars indicate +/- 1 standard 
error. 
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Latency –Absolute (waves I, III, and V) and inter-peak (I-III, III-V and I-V) latencies 
were within normal limits, bilaterally for both groups [see Appendix J (absolute latencies) and 
Appendix K (interpeak latencies)].  There were no significant main effects of group or ear and no 
significant interactions between group and ear. 
When comparing latencies between each participant’s right and left ear, independent 
samples t-tests indicated no significant differences between the two groups for Wave V and 
inter-peak latencies, I-III, III-V and I-V (see Appendix L). 
 
Speech testing  
All participants in the difficulty in noise and no difficulty in noise groups had Speech 
Reception Thresholds within normal limits and good to excellent suprathreshold Speech 
Recognition Scores bilaterally (see Appendix M).  Mixed model ANOVAs indicated no 
significant main effects of group or ear and no significant interactions between group and ear. 
 
Immittance 
All participants in the difficulty in noise and no difficulty in noise groups displayed 
normal Type A tympanograms, normal ear canal volume, and passed the acoustic reflex 
screening at 1000 Hz and 2000 Hz bilaterally.  One exception was a participant who reported no 
difficulty in noise, had a larger static admittance bilaterally (left 2.7 mmho/right 2.4 mmho) (see 
Appendix N).  To examine whether there were significant effects of group on ear canal volume, 
peak admittance, and peak admittance pressure between the two groups, separate mixed model 
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ANOVAs were performed.  No significant main effects or interactions were found between the 
two groups for any immittance measure. 
 
Relationship between QuickSIN score and Audiological Measures 
 In order to understand the relationship between the QuickSIN and audiological measures, 
multiple regression analyses were performed.  Participants’ average score on the QuickSIN was 
the dependent variable.  Separate analyses were performed with all audiometric thresholds, 
immittance, speech reception testing, DPOAE responses and ABR amplitude and latency as 
predictor variables. 
Results showed that DPOAE amplitudes at 1500 Hz in the left and right ear, Speech 
Reception Threshold in the left ear, wave V amplitude in the left ear, and III-V interpeak latency 
in the left ear significantly predicted QuickSIN scores. See Table 4 for F, p, partial eta squared, 
R and R2 values.  No other audiological measures were found to be significant predictors of 
QuickSIN performance. 
Table 4.  Predictors of QuickSIN performance 
Measure F value p value Partial eta 
squared 
R R2 
DPOAE 1500 Hz 
Left/Right Ear 
10.16/7.33 0.01/0.02 0.504/0.423 0.72 0.51 
Speech Recognition 
Threshold Left 
6.64 0.03 0.399 0.63 0.40 
Wave V Amplitude   
Left Ear 
5.06 0.05 0.336 0.60 0.36 
III-V Interpeak 
Latency Left Ear 
9.20 0.01 0.479 0.73 0.54 
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Relationship between SSQ and Audiological Measures 
In order to understand the relationship between the SSQ and audiological measures, 
multiple regression analyses were performed.  Participants’ average score on the QuickSIN was 
the dependent variable.  Separate analyses were performed with all audiometric thresholds, 
immittance, speech reception testing, DPOAE responses and ABR amplitude and latency as 
predictor variables. 
Results showed that thresholds at 750 Hz, 8000 Hz, and 9000 Hz in the left ear, 
thresholds at 1500 Hz and 10,000 Hz in the left and right ear, Speech Reception Threshold in the 
left ear, and III-V interpeak latency in the left ear significantly predicted QuickSIN scores. See 
Table 4 for F, p, partial eta squared, R and R2 values.  No other audiological measures were 
found to be significant predictors of QuickSIN performance. 
Table 5.  Predictors of SSQ 
Measure F value p value Partial eta 
squared 
R R2 
Threshold 750 Hz    
Left Ear 
8.24 0.02 0.452 0.74 0.55 
Threshold 1500 Hz  
Left/Right Ear 
9.22/6.36 0.01/0.03 0.480/0.389 0.73 0.54 
Threshold 8000 Hz  
Left Ear  
7.10 0.02 0.415 0.65 0.42 
Threshold 9000 Hz  
Left Ear 
8.75 0.01 0.467 0.68 0.47 
Threshold 10,000 Hz 
Left/Right Ear 
5.67/6.29 0.04/0.03 0.362/0.386 0.65 0.43 
Speech Recognition 
Threshold Left 
7.69 0.02 0.435 0.77 0.60 
III-V Interpeak 
Latency Left Ear 
5.29 0.04 0.346 0.61 0.37 
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Summary 
 Overall, all participants performed in the normal range for standard clinical audiological 
measures.  Participants who reported difficulty in noise generally rated themselves significantly 
lower on the SSQ, performed poorer on the QuickSIN, and displayed significantly lower 
DPOAE amplitudes bilaterally at 1000 Hz and 1500 Hz compared to participants who reported 
no difficulty in noise.  The no difficulty in noise group displayed poorer high frequency 
thresholds in the right ear and lower wave V amplitude in their right ear compared to their left 
ear, whereas the difficulty in noise participants did not show this asymmetry.  Regression 
analyses found that DPOAE amplitude at 1500 Hz bilaterally, Speech Reception Threshold in the 
left ear, wave V amplitude in the left ear, and III-V interpeak latency in the left ear significantly 
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Discussion 
The first objective of this study was informed by the estimate that 5-10% of clinic 
patients complaining of problems with hearing are clinically normal hearing individuals who 
report difficulty listening in noise.  Therefore the first objective of this study was to determine 
how individuals who report difficulty hearing speech in noise rate their speech perception in 
noise ability on a questionnaire and would it differ from individuals who report no difficulty 
listening to speech in noise.  This study found, as expected, that listeners reporting difficulty in 
noise do rate their ability to perceive speech in noise in a variety of listening situations to be 
poorer than participants who reported no difficulty in noise on the SSQ questionnaire.  However, 
there was no correlation between the average SSQ rating and the QuickSIN test, meaning self-
rating on the SSQ questionnaire was not a significant predictor of actual performance in noise (as 
measured using the QuickSIN).      
Perceived speech perception ability in noise did not always translate to measured ability.  
For example, one participant in the no difficulty in noise group rated her listening in noise ability 
as high (good) on the SSQ but performed below average on the QuickSIN.  In contrast, a listener 
from the difficulty in noise group rated her ability as being below average in noise but this 
participant had the second highest (best) score on the QuickSIN.  Another participant, despite 
being in the no difficulty in noise group, rated her ability as low on the SSQ questionnaire and 
performed below average on the QuickSIN test in noise.  It is unclear whether participants 
cannot accurately report their listening in noise abilities or if the QuickSIN is not an accurate 
measure of their difficulties.  Given the small number of participants, perhaps the inclusion of 
more participants would shed light on the relationship between perceived and measured 
difficulty in noise. 
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All participants performed within the normal range on the QuickSIN measure of 
difficulty in noise.  However, the average QuickSIN score for participants reporting difficulty in 
noise was significantly poorer than those who reported no difficulty, confirming, that on average,  
individuals who report difficulty in noise do have more difficulty than their peers.  Moreover, 
those reporting difficulty in noise performed significantly poorer in the two most difficult S/N 
conditions compared to those who reported no difficulty.  This finding is consistent with Badri, 
Siegel, and Wright (2011) who reported significant differences between groups for their most 
difficult S/N conditions.  Poor performance in the two most difficult S/N listening conditions 
may explain why the difficulty in noise group was able to score well enough to fall within the 
normal criteria overall on the QuickSIN.   Although significantly poorer, the difficulty in noise 
group performed slightly below the no difficulty in noise group at S/N 5 and both groups showed 
difficulty in the most difficult listening condition (S/N 0).  Thus, those reporting difficulty 
perceiving speech in noise perform well in quiet and in low levels of noise but their difficulties 
become apparent in more difficult listening conditions. 
Although there were no differences measured between the two groups for pure tone 
thresholds, speech, and immittance tests did not reveal any group differences, the difficulty in 
noise group had significantly lower DPOAE amplitudes at 1001 Hz and 1501 Hz compared to 
the no difficulty in noise group.  These results are consistent with Zhao and Stephens (2006) who 
observed lower DPOAE amplitudes, in individuals who reported difficulty perceiving speech in 
noise.  Bilateral DPOAEs at 1500 Hz accounted for 51% of the variance in the QuickSIN 
measure of difficulty perceiving speech in noise.  These results suggest that subtle cochlear 
damage may be contributing to poor speech in noise perception in these participants.   
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The finding of possible subtle cochlear damage may support the belief that clinical 
procedures such as pure tone threshold testing are not sensitive enough for the detection of all 
hearing deficits.  Poor listening in noise performance, despite clinically-normal audiometric 
thresholds could reflect the beginning stages of hearing loss (Abel et al., 1990).  High but normal 
audiometric thresholds (e.g., 20-25 dBHL) were observed in listeners reporting difficulty 
perceiving speech in noise (King & Stephens, 1992).  In the present study, although not 
statistically significant, the reported difficulty in noise group had poorer standard audiometric 
thresholds compared to the no reported difficulty in noise group.  Therefore, this may be 
justification for reducing the normal range criteria for listeners reporting difficulty with speech in 
noise perception.  For example, Saunders and Haggard (1989) suggest that the normal adult 
threshold criteria be lowered from < 25 dBHL to < 15 dBHL.  Another consideration would be to 
include OAE testing as a part of the standard audiological evaluation battery.  As mentioned 
earlier, reductions in OAE amplitudes have been observed prior to pure tone threshold changes 
in patients with noise trauma (Lucertini, Moleti, & Sisto, 2002) and ototoxicity (Stavroulaki, 
Apostolopoulus, Segas, Tsakanikos & Adamapoulos, 2001) therefore, the use of OAEs may be 
beneficial for diagnosis of subtle deficits.  
We expected to find significantly poorer high frequency thresholds in the group who 
reported difficulty perceiving speech in noise compared to those who do not report difficulty, 
which is consistent with previous studies (e.g., Badri et al., 2011; Shaw et al., 1996).  No 
differences were observed between groups, but an asymmetry (i.e., better in the left ear) was 
observed for high frequency pure tone thresholds in the no reported difficulty in noise group.   
This finding is consistent with individuals who have unilateral hearing loss and display 
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symmetrical central auditory system responses as opposed to individuals with normal hearing 
who exhibit asymmetrical central auditory system responses (Ponton et al., 2001).  
ABR measures were within normal clinical limits for all participants.  Although there 
were no group differences, the no difficulty in noise group had higher wave V amplitudes for the 
left ear as compared to the right ear.  This may suggest a possible asymmetry between the ears.  
As with high frequency audiometric thresholds, this asymmetry is decreased or eliminated in the 
difficulty in noise group.  This could reflect the presence of retrocochlear processing differences 
across groups.  More likely, this finding may reflect a manifestation of peripheral issues higher 
in the auditory system. 
   
Limitations and future directions  
The current study does have limitations, as mentioned above.  Only 13 participants were 
included.  Including more participants may reveal significant differences in other audiological 
measures.  The QuickSIN is not the only listening in noise test that is used clinically.  It is 
possible that another listening in noise test is more sensitive in identifying abnormal 
performance.  Future research is needed in order to determine which clinical test is most 
sensitive to reported difficulties with speech perception in noise.  Further analyses may provide 
additional information to help us to understanding the nature of the difficulties observed in this 
population.  For instance, an item analysis of the questions on the SSQ may determine if certain 
questions are indicative of QuickSIN performance.  In addition, error analysis of the incorrectly 
repeated words from the QuickSIN could provide insight into specific acoustic or linguistic 
factors that contribute to the errors.  Finally, other physiological measures that are predominantly 
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used in research could be more sensitive in identifying these individuals (e.g., OAE fine structure 
or auditory evoked potentials beyond the ABR). 
 
Conclusion 
These individuals, although measure in the normal range by standard audiometric criteria, 
report difficulty listening in noise and show sub-clinical deficits that can only be observed by 
going beyond standard clinical analyses.  Professionals in the field of audiology should consider 
lowering the upper limit of normal (i.e., from 25 dBHL to 15 dBHL), including physiological 
measurements (i.e., OAEs and ABRs), and consideration of reduced asymmetry to the standard 
audiological battery in order to identify these sub-clinical deficits.  Without the aforementioned 
changes, these listeners will continue to be considered performing within normal limits and will 
not receive intervention.   
Even though these individuals perform in the normal range on the QuickSIN, they are 
reporting difficulty in noise and exhibiting significant differences in cochlear function than those 
who report no difficulty.  Given the estimated percentage of individuals seeking help for this 
condition, it is important to correctly and adequately identify and treat them.  Audiologists can 
consider aural rehabilitation focusing on listening in noise strategies such as managing their 
listening environment and trying to reduce noise.  Other aural rehabilitation strategies might 
include listening in noise training, use of contextual cues and use of speechreading.  However, 
careful research on the efficacy of aural rehabilitation strategies for clinically “normal” 
individuals reporting difficulty hearing in noise is needed.  Finally, we can advise these listeners 
	   33	  
on hearing conservation strategies, such as wearing ear protection, to help prevent the sub-
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Appendix A.  Participant age and average SSQ rating 
Participant Age (years) SSQ  
NH1 23 8.14 
NH2 21 8.21 
NH3 23 6.36 
NH4 23 7.57 
NH5 23 9.07 
NH6 24 9.21 
NH7 18 8.38 
NH8 24 8.79 
NHN Mean (SD) 22.38 (2.00) 8.22 (0.92) 
PHN1 22 6.64 
PHN2 22 6.36 
PHN3 23 8.86 
PH4 23 7.21 
PHN5 23 4.36 
PHN Mean (SD) 22.6 (0.55) 6.69 (1.62) 
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Appendix B. Clinical thresholds 
Left/Right 
Ear dBHL 
250 Hz 500 Hz 750 Hz 1000 Hz 1500 Hz 2000 Hz 3000 Hz 4000 Hz 6000 Hz 8000 Hz 
NH1 0/5 0/0 0/0 0/5 -10/-10 0/-10 -10/-10 -10/-10 -5/-5 -10/10 
NH2 0/0 -5/0 -10/-10 -10/-10 -10/-10 -10/-10 -10/-10 -10/-10 0/-10 -10/-10 
NH3 15/20 10/15 10/5 0/-10 -10/-10 5/5 5/5 -5/-5 -10/0 0/0 
NH4 0/5 0/0 -10/-10 -10/-10 -10/-10 -10/-10 -10/-10 -10/-10 -5/-5 -5/-5 
NH5 10/10 15/10 5/5 5/10 -5/0 5/5 10/5 0/5 0/0 -5/5 
NH6 5/5 0/5 -10/-10 -10/-10 -10/-10 -10/-10 -10/-10 -10/-10 -5/5 -5/5 
NH7 10/5 0/5 -5/-10 0/-5 0/5 0/0 0/-10 -10/-10 -5/0 5/10 
NH8 5/5 10/10 5/10 5/5 0/5 -5/0 0/5 -5/0 -5/-10 -5/-5 
NH Mean 5.6/6.9 3.8/5.6 -1.9/-2.5 -2.5/-3.1 -6.9/-5.0 -3.1/-3.8 -3.1/-4.4 -7.5/-6.3 -4.4/-3.1 -4.4/1.3 
NH SD 5.6/5.9 6.9/5.6 8.0/8.5 6.6/8.4 4.6/7.1 6.5/6.9 8.0/7.8 3.8/5.8 3.2/5.3 5.0/7.4 
PH1 5/5 0/10 5/5 0/5 5/5 0/0 -5/-5 0/-5 5/5 5/5 
PH2 20/20 20/20 15/15 5/0 -5/-5 5/10 0/-5 -10/-10 0 0/5 
PH3 5/10 5/15 5/10 5/5 0/0 10/0 -5/5 0/-5 0 -10/-5 
PH4 10/10 5/10 0/5 -10/-10 -10/-10 -10/-10 -10/-10 -10/-10 -10/-10 5/0 
PH5 5/0 5/5 15/10 15/20 15/15 10/15 10/5 5/10 10/5 5/10 
PH Mean 9.0/9.0 7.0/12.0 8.0/9.0 3.0/4.0 1.0/1.0 3.0/3.0 -2.0/-2.0 -3.0/-4.0 1.0/0.0 1.0/3.0 
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Appendix C.  Hearing history 
 
Print Name______________________________Date of Birth____________Age______ 









History of ear disease/surgeries? 
______________________________________________________________________________
______________________________________________________________________________ 
Family history of hearing loss? 
______________________________________________________________________________
______________________________________________________________________________ 
History of trauma to the head? 
______________________________________________________________________________
______________________________________________________________________________ 
Dizziness, vertigo or loss of balance? 
______________________________________________________________________________
______________________________________________________________________________  
Tinnitus (ringing, buzzing, hissing or other noise) in your ears? 
______________________________________________________________________________
______________________________________________________________________________ 
Which ear is better? 
______________________________________________________________________________
______________________________________________________________________________ 
History of exposure to noise? 
______________________________________________________________________________
______________________________________________________________________________ 
Have you ever worn a hearing aid? 
______________________________________________________________________________
______________________________________________________________________________ 
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Appendix E.  QuickSIN words correct 




NH1 25 27 24 25 25.25 1.26 
NH2 25 21 25 25 24 2.00 
NH3 25 24 22 27 24.5 2.08 
NH4 30 22 24 25 25.25 3.40 
NH5 26 25 25 25 25.25 0.50 
NH6 25 25 29 26 26.25 1.89 
NH7 25 25 25 25 25 0.00 
NH8 25 26 24 26 25.25 0.96 
NH Group 




SD 1.75 2.00 1.98 0.76 0.65 
 
0.59 
PH1 26 23 24 22 23.75 1.71 
PH2 19 23 24 24 22.5 2.38 
PH3 23 23 22 25 23.25 1.26 
PH4 25 24 24 30 25.75 2.87 
PH5 25 25 23 24 24.25 0.96 
PH Group 
Mean 
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Appendix F.  QuickSIN correct words per listening condition 
 S/N 25 S/N 20 S/N 15 S/N 10 S/N 5 S/N 0 
NH1 19 20 20 20 18 4 
NH2 20 19 15 19 20 2 
NH3 20 20 20 20 15 3 
NH4 19 20 18 20 18 6 
NH5 20 20 19 19 20 3 
NH6 20 20 20 19 19 7 
NH7 20 20 19 20 19 2 
NH8 20 20 19 19 18 5 
NH Mean 19.75 19.88 18.75 19.50 18.38 4.00 
NH SD 0.46 0.35 1.67 0.53 1.60 1.85 
PH1 20 19 19 18 15 4 
PH2 20 20 19 19 12 0 
PH3 20 20 19 19 15 0 
PH4 20 20 20 19 19 5 
PH5 20 20 19 19 17 2 
PH Mean 20.00 19.80 19.20 18.80 15.60 2.20 
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8,000 Hz 9,000 Hz 10,000 Hz 11,200 Hz 12,500 Hz 
NH1 -5/20 0/5 0/15 5/0 5/5 
NH2 -10/-5 -5/0 0/10 0/-5 0/-5 
NH3 0/0 10/10 0/0 -5/0 -10/-5 
NH4 -10/-5 -5/0 10/0 0/5 0/5 
NH5 -5/5 5/15 -10/-5 -10/-5 -10/-5 
NH6 -5/5 5/15 20/25 15/10 20/20 
NH7 10/15 15/10 15/20 0/10 0/10 
NH8 -5/-10 -5/0 0/10 0/-5 -5/-5 
NH Mean -3.8/3.1 2.5/6.9 4.4/9.4 0.6/1.3 0.0/2.5 
NH SD 6.4/10.3 7.6/6.5 9.8/10.5 7.3/6.4 9.6/9.3 
PH1 0/5 10/5 5/-5 -5/-5 -10/-10 
PH2 10/5 15/10 15/20 15/20 5/15 
PH3 0/5 0/0 -5/-5 -10/-5 -5/-5 
PH4 10/5 15/10 5/10 5/0 0/10 
PH5 15/10 10/5 10/-5 -15/-10 0/0 
PH Mean 7.0/6.0 10.0/6.0 6.0/3.0 -2.0/0.0 -2.0/2.0 
PH SD 6.7/2.2 6.1/4.2 7.4/11.5 12.0/11.7 5.7/10.4 
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1001 Hz 1501 Hz 2002 Hz 3003 Hz 4004 Hz 6006 Hz 7996 Hz 
NH1 -1.7/-1.6 -1.4/-2.6 0/1.7 -3.5/2.8 10.4/11.3 0.5/1.2 -2.7/-8.4 
NH2 8.5/9.5 17.3/18.9 14.8/13.1 12/9.8 10.3/12.5 11.2/7.8 6.8/7.1 
NH3 9.8/7.7 10.5/9.3 9.7/6.3 -0.1/-1 8.6/6.9 15.1/21.1 15.4/14.5 
NH4 10.8/16.1 19.4/18.9 17.7/16.3 23.2/14.7 19.9/13.4 18.7/14 10.1/9.6 
NH5 6/3.7 1.9/5.5 -2.6/-1.2 -6.2/-11.9 6/7.3 2.8/0.5 -8.7/-1.3 
NH6 12.1/11.9 17.3/16.1 12.8/14.3 4.6/3.2 11/9.6 12.3/10.5 3/3.8 
NH7 14.2/10.5 15.4/14.3 6.1/12.9 16.5/10.6 16.1/12.9 14.6/7.9 -5.3/-8.8 
NH8 11.9/15.3 13.5/14.8 10/11.5 6.9/6.9 14.6/13.4 17/17.9 17.3/15 
NH Mean 9.0/9.1 11.7/11.9 8.6/9.4 6.7/4.4 12.1/10.9 11.5/10.1 4.5/3.9 
NH SD 5.0/5.9 7.6/7.4 7.1/6.4 10.1/8.3 4.5/2.7 6.6/7.4 9.6/9.4 
PH1 5.8/2 8.7/11.4 7.2/12.1 2.7/9 4/13.6 15.1/12.8 6.6/7.3 
PH2 0.1/-3.6 -6.5/-3.4 -6.5/-7.2 -11.9/-12.2 -4.3/-4 8.2/9.5 1.2/7.1 
PH3 -0.9/4 7.9/16.7 17.4/16.3 14.5/15.5 18/16.2 16.7/17.7 12.8/15.2 
PH4 6.3/-2.7 3.7/-0.8 10.6/-4.8 5.4/2.9 8.6/0.8 13.5/16 14.9/9 
PH5 -2.1/-0.8 -0.6/-2.8 -5.3/-12 -1.5/-9 7.7/9.6 7.3/7.1 -4.9/0.1 
PH Mean 1.8/-0.2 2.6/4.2 4.7/0.9 1.8/1.2 6.8/7.2 12.2/12.6 6.1/7.7 
PH SD 3.9/3.2 6.3/9.2 10.3/12.5 9.7/11.8 8.1/8.6 4.2/4.4 8.2/5.4 
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1001 Hz 1501 Hz 2002 Hz 3003 Hz 4004 Hz 6006 Hz 7996 Hz 
NH1 6.7/10.2 6.7/8.1 8.5/13.9 11.6/15.7 28.6/26.5 15.3/18 14.5/8.1 
NH2 19.7/13.7 31.2/27.7 30.7/25.7 29.3/27.1 27.3/29.9 25.1/23.6 24.2/27.4 
NH3 14.8/15.2 23.6/22 22.4/22 17.8/15.5 27.5/26.2 32.9/35.1 33.6/32.5 
NH4 17.7/18 28.8/30.5 24/29.9 37.4/30.9 37.2/29.1 35.5/29.7 25/31.1 
NH5 12.7/21 9.7/20.7 6/14.2 6.2/2.4* 23.9/25.4 17.7/14.5 10/17.6 
NH6 14.4/14.6 26.3/23.2 23.3/29.8 19.3/17.6 26.9/25.8 26.7/27.4 23.5/22.8 
NH7 28/24.1 31.2/32.5 25.4/28.5 36.3/24.8 33.2/27.5 28.2/18.9 12.8/8.1 
NH8 26.8/30.8 26.6/31.1 21.3/26.7 25.4/24.9 30.9/29.3 32.6/35.2 37.2/31.3 
NH Mean 17.6/18.5 23.0/24.5 20.2/23.8 22.9/19.9 29.4/27.5 26.8/25.3 22.6/22.4 
NH SD 7.2/6.6 9.5/8.0 8.5/6.6 11.2/9.0 4.2/1.8 7.2/7.9 9.7/10.1 
PH1 14.9/6.3 22.9/26.7 17.8/29.3 19.5/28.2 21.3/34.2 30.5/30.4 25/29.3 
PH2 11/2.5* 6.2/12.6 8.3/9.2 *5.2/7.6 10.6/13.7 23.7/26.7 18.3/28.7 
PH3 12.5/13.4 21.7/25.3 27.7/30.2 31/26.4 35.7/30.2 30.1/28.9 32/31 
PH4 17.5/10.2 16.6/16 21.4/14.1 22/18.5 26.2/19.5 25.1/29.4 33.2/27.6 
PH5 9.4/10 11.3/12.8 7.4/4.5* 15.6/9.2 25.2/25.2 23.9/21.1 14.3/19.9 
PH Mean 13.1/8.5 15.7/18.7 16.5/17.5 18.7/18.0 23.8/24.6 26.7/27.3 24.6/27.3 
PH SD 3.2/4.2 7.0/6.8 8.7/11.7 9.4/9.5 9.1/8.2 3.4/3.7 8.3/4.3 
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NH1 0.13/0.05 1.30/1.27 0.34/0.35 3.40/3.40 -0.02/-0.05 5.03/5.03 
NH2 0.20/0.12 1.27/1.27 0.12/0.24 3.40/3.40 0.05/-0.06 5.03/5.03 
NH3 0.01/0.04 1.27/1.27 0.17/0.09 3.40/3.40 0.06/0.00 5.03/5.03 
NH4 0.21/0.19 1.27/1.30 0.12/0.13 3.40/3.40 0.05/-0.06 5.03/5.03 
NH5 0.08/0.11 1.27/1.27 0.35/0.31 3.40/3.47 -0.03/0.00 5.03/5.03 
NH6 0.15/0.12 1.27/1.27 0.22/0.27 3.40/3.40 0.01/-0.22 5.17/5.20 
NH7 0.17/0.15 1.27/1.27 0.20/0.18 3.40/3.47 -0.03/-0.05 5.03/5.03 
NH8 0.08/0.08 1.27/1.27 0.27/0.24 3.40/3.40 0.14/0.08 5.07/5.07 
NH Mean 0.13/0.11 1.27/1.27 0.22/0.23 3.40/3.42 0.03/-0.05 5.05/5.06 
NH SD 0.07/0.05 0.01/0.01 0.09/0.09 0.00/0.03 0.06/0.08 0.05/0.06 
PH1 0.16/0.08 1.30/1.30 0.25/0.14 3.40/3.40 0.00/0.10 5.03/5.03 
PH2 0.16/0.10 1.27/1.27 0.16/0.20 3.43/3.40 0.02/0.08 5.03/5.03 
PH3 0.15/0.15 1.27/1.27 0.00/0.24 3.40/3.40 -0.21/-0.20 5.03/5.03 
PH4 0.09/0.14 1.30/1.30 0.25/0.18 3.47/3.40 0.08/0.11 5.10/5.03 
PH5 0.11/0.11 1.30/1.27 0.03/0.19 3.40/3.40 0.11/0.13 5.03/5.03 
PH Mean 0.14/0.12 1.29/1.28 0.14/0.19 3.42/3.40 0.00/0.04 5.04/5.03 
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Appendix K.  ABR interpeak latencies 
Left/Right Ear (ms) I-III III-V I-V 
NH1 2.10/2.13 1.63/1.63 3.73/3.77 
NH2 2.13/2.13 1.63/1.63 3.77/3.77 
NH3 2.13/2.13 1.63/1.63 3.77/3.77 
NH4 2.13/2.10 1.63/1.63 3.77/3.73 
NH5 2.13/2.20 1.63/1.57 3.77/3.77 
NH6 2.13/2.13 1.77/1.80 3.90/3.93 
NH7 2.13/2.20 1.63/1.57 3.77/3.77 
NH8 2.13/2.13 1.67/1.67 3.80/3.80 
NH Mean 2.13/2.14 1.65/1.64 3.79/3.79 
NH SD 0.01/0.04 0.05/0.07 0.05/0.06 
PH1 2.10/2.10 1.63/1.63 3.73/3.73 
PH2 2.17/2.13 1.60/1.63 3.77/3.77 
PH3 2.13/2.13 1.63/1.63 3.77/3.77 
PH4 2.17/2.10 1.63/1.63 3.80/3.73 
PH5 2.10/2.13 1.63/1.63 3.73/3.77 
PH Mean 2.13/2.12 1.62/1.63 3.76/3.75 
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Appendix L.  Right/Left ear latencies differences 
Ms Wave V I-III III-V I-V 
NH1 0.000 0.033 0.000 0.033 
NH2 0.000 0.000 0.000 0.000 
NH3 0.000 0.000 0.000 0.000 
NH4 0.000 0.033 0.000 0.033 
NH5 0.000 0.067 0.067 0.000 
NH6 0.033 0.000 0.033 0.033 
NH7 0.000 0.067 0.067 0.000 
NH8 0.000 0.000 0.000 0.000 
NH Mean 0.00 0.03 0.02 0.01 
NH SD 0.01 0.03 0.03 0.02 
PH1 0.000 0.000 0.000 0.000 
PH2 0.000 0.033 0.033 0.000 
PH3 0.000 0.000 0.000 0.000 
PH4 0.067 0.067 0.000 0.067 
PH5 0.000 0.033 0.000 0.033 
PH Mean 0.01 0.03 0.01 0.02 
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Appendix M.  Speech tests 
Left/RightEar  SRT 
(dBHL) 
SRS (%) 
NH1 5/5 100/100 
NH2 0/0 100/96 
NH3 10/5 96/96 
NH4 0/5 88/100 
NH5 5/5 96/92 
NH6 0/5 100/96 
NH7 0/0 96/92 
NH8 5/5 96/92 
NH Mean 3.1/3.8 96.5/95.5 
NH SD 3.7/2.3 4.0/3.3 
PH1 5/5 88/84 
PH2 10/5 96/92 
PH3 0/0 92/100 
PH4 0/0 100/100 
PH5 15/10 100/100 
PH Mean 6.0/4.0 95.2/95.2 
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NH1 1.8/1.5 2.7//2.4 25/25 Yes/Yes Yes/Yes 
NH2 1.0/1.0 0.5/0.5 15/15 Yes/Yes Yes/Yes 
NH3 1.3/1.1 0.3/0.3 -10/-15 Yes/Yes Yes/Yes 
NH4 1.1/1.2 0.7/0.7 5/-20 Yes/Yes Yes/Yes 
NH5 1.0/1.2 0.3/0.4 15/35 Yes/Yes Yes/Yes 
NH6 1.3/1.3 0.9/0.9 -5/10 Yes/Yes Yes/Yes 
NH7 1.1/1.4 0.3/0.5 20/25 Yes/Yes Yes/Yes 
NH8 1.6/1.7 0.8/0.7 25/5 Yes/Yes Yes/Yes 
NH Mean 1.3/1.3 0.8/0.8 11.3/10.0 NA NA 
NH SD 0.3/0.2 0.8/0.7 13.3/19.5 NA NA 
PH1 1.1/1.2 0.4/0.5 10/15 Yes/Yes Yes/Yes 
PH2 1.3/0.9 0.9/1.1 -20/-35 Yes/Yes Yes/Yes 
PH3 1.0/0.8 0.5/0.3 10/15 Yes/Yes Yes/Yes 
PH4 1.2/1.0 0.7/0.6 5/15 Yes/Yes Yes/Yes 
PH5 1.1/1.3 1.0/1.1 15/5 Yes/Yes Yes/Yes 
PH Mean 1.1/1.0 0.7/0.7 4.0/3.0 NA NA 
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